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(54) Abstract Title: Random number generating in a video sequence 



(57) A random number is generated which depends 
upon an initial value and the time taken to operate a 
command when playing a video game such as a 
quiz. A register 202 such as a GPRM register can be 
initialised by the RND function of an existing 
random number generator and is then set to a 
counter timer mode 204, a video sequence is 
retrieved 206 and played 208, a command button is 
activated 210 and the command invoked 214, 
before retrieving an playing the next sequence 216. 
If in a loop mode, and no button event occurrs 212 
a value corresponding to the button is added to the 
register 222 before the next sequence is played. 
The generated random number may be used to 
control the video sequence, to select the next 
question of a quiz for instance. The video sequence 
may be recorded on a medium such as a DVD. 




At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 

This print takes account of replacement documents submitted after the date of filing to enable the application to comply 
with the formal requirements of the Patents Rules 1995 
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DATA PROCESSING SYSTEM AND METHOD 

Field of the Invention 

The present invention relates to a data processing system and method and, more 
particularly, to such a system and method for generating random numbers. 

Background to the In v ention 

Many computer applications call for the use of random numbers, which are employed 
to give unpredictability to the behaviour of a program. Many computer platforms provide a 
so-called random number generator, which is typically a RND(N) function that returns a 
random number in the range of 0 to N~l (or sometimes 1 to N). It will be appreciated by 
those skilled in the art that the word "random" is a misnomer since the random numbers 
produced arc usually created using a linear congrucntial generator (LCG). An LCG sequence 
generator calculates a series o r numbers, r ir of the form r.u^PXr,). Successive numbers in the 
number sequence are a function of previous numbers. If the RND(M) function performs 
fairly, each invocation of the function should yield values 0 to N-l with equal probability. 
Typical, an LCG will have a large period (lhat is, the sequence will produce a large number 
of values before it repeats). If an application requires RND(N) ; where N is relatively small, 
then the output of the LCG is manipulated to yield a value that lies in the range 0 to N-l. For 
example, the result of each step of the LCG can be laken to modulo n in order to produce 
values in the required range. As a cunsequence, repeated calls of RNDfN) can return 
repetitions of values before N values have been returned. 

The DVD-Video specification as published by the DVD Forum supports a random 
number function, RNDfN], to return a random number within a specified range. However, 
the specification does not contain any explicit technical guidance to implement this function. 
It is well known within the industry that some manufacturers have implemented the function 
in a way that their DVD players always generate the same random number sequence. Such a 
situation can occur when an LCG is seeded with a constant value. Consequently, companies 
engaged in authoring DVD-Video discs cannot assume that a different random number 
sequence will be generated each time a dkc is played. This is particularly problematical for 
games, such as quizzes, where for some c.svices, it can result in the same question sequence 
being delivered each time the oisc is played. 

Another feature of DVD-Vid^o is the counter mode of the GPRM registers. A 



GPRM can be placed in counter mode such that its value is incremented by one for each 
elapsed second from the moment the counter mode is invoked. This feature can be used 
effectively to seed an LCG with a value that is time-dependent and likely to change as 
between successive plays of a disc. While this may go some way to overcoming the 
limitation of players that have a deficient RND implementation, some manufacturers have 
defective implementations of the counter feature such that registers are incorrectly 
incremented in contrast to the DVD-Video specification requirements. Furthermore, it is 
known that there are some DVD players that have defective implementations of both the 
RND function and the counter mode of the GPRMs. 

It is an object of embodiments of the present invention at least to mitigate some of 
the problems of the prior art. 

Summary of Invention 

Accordingly, a first aspect of embodiments of the present invention provides a data 
processing system comprising means for playing an interruptible or skipable video sequence; 
and a random number generator for generating a random number associated with an 
interruption of the interrupt ibk or skipable video sequence. 

Advantageously, embodiments of the present invention allow a DVD implementation 
independent random number generator to be realised that is not beset with at least some of 
the above mentioned problems. 

A further aspect of embodiments of the present invention provides a data processing 
system comprising a reader to read data representing a video sequence and a number of 
associated data each having a corresponding command; a presentation engine for outputting 
the video sequence derived from the data representing the video sequence, a navigation 
engine, responsive to an event, to invoke one of the corresponding commands according to 
the output of the video sequence; and means to derive a first value from the invoked 
command of the corresponding commands. It will be appreciated that the reader might form 
part of a DVD player or DVD drive to read data from a DVD. 

A still further aspect of embodiments of the present invention provides a storage 
medium comprising data representing a video sequence and a number of associated data each 
having a corresponding command; and data to derive a first value from one of the 
corresponding commands in response to ar ovent. Preferably, the storage medium is a DVD. 



Other features of the invention are described below and claimed in the claims. 
Brief Descri ptio n of the Drawing s 

Embodiments of the present invention will now be described, by way of example 
only, with reference to the accompanying drawings in which: 

figure 1 shows a skipable sequence according to an embodiment of the present 
invention; and 

figure 2 depicts a flowchart according to an embodiment. 
Pescription_pftlie Prefer red Embodim ents 

Figure ] shows an assembly of data structures 100 used by embodiments of the 
present invention. The assembly 100 comprises an interruptible or skipable video sequence 
102 having a number of group-of-pictures structures GOP J to GOP N. Each group-of- 
pictures structure GOP I to GOP N has an associated button set 104 to 1 10: Each button set 
104 to 1 10 comprises a respective active button 1 12 to 1 18. Each butlon set 1 12 to 1 18 has 
an associated butlon command 120 to 126 that is performed in response In a navigation 
engine (not shown) detecting invocation of a respective active button 1 12 to 1 18. 

The video sequence 102 and corresponding button sets li)4 to 1 10 are arranged such 
that only the button set associated with a currently active or currcnlly playing or processed 
grou P -of- P ictures structure is able to be invoked. Therefore, for example, the first button set 
104 is active during processing of the first group-of id arcs structure GOP 1 and so on. The 
button sets 104 to 110 are arranged so that, upon generation of a user event, such as, for 
example, the user depressing the "OK" button of a remote control (not shown), the 
corresponding button command 1 20 to 126 is invoked. 

Prior to playing the initial video sequence 102, one of the GPRMs (not shown) is 
initialised using a value. Preferably, the initialisation value is a random value generated 
using, for example, the inherent RND function provided by DVD players. The initialised 
GPRM is then set to counter mode. This second step of setting the GPRM to counter mode is 
optional. 



A button command has Ihe following format 
ADD<GPRM><valuc>; LNK<ne.vl-sequence>. 



Th« command results in adding the value represented by <value> to the content of 
register <GPRM> that is, the register initialised using the random value, and then linking or 
ju.np.ng to the next or a further video sequence identified by <next-sequence>. Preferably 
the value oi <value> is unique or distinc. fur each button so, of the sequence In an 
5 embodiment, the values chosen for <value> are the same as the GOP numbers. Therefore 
for example, assuming the user presses «OK» during the processing or playing of the firs, 
group of pictures structure OOP!, the value 1 is added to the CPRM, during the second 
group-of-pictures structure GOP2, the value 2 is added ,o the GPKM and so on 
Alternatively, the values used for <va«ue> can be non-sequential or, themselves, random 
0 numbers. 

Preferably, the video sequence 102 is arranged to repeat, which will force the user to 
press "OK" to advance the programme and a post command is added to the sequence in the 
form 

ADD<GPRM><value2>, 

where <GPRM> is the register initialised previously and <valne2> is a further number added 
to the content of the CPRM upon repetition of Ihe sequence. 

If as is the case in preferred embodiments, the values associated with the button 
commands are sequential and start from the value "1", it will be appreciated il.at the value for 
the mth GOP has the value m. It will be appreciated that ADD<GPRM><value?> is a 
command that is executed each time the whole of the video sequence 102 has been played. 

When a random number is subsequently required, the previously initialised GPRM is 
returned to normal register mode and its current value is used as the random number It will 
be appreciated that since the point at which a user chooses to skip the video sequence might 
vary as between plays, it will, typically, result in a different value being contained within the 
GPRM even on devices that have defective implementations of the RND function and 
defective register counting mode implementations. 

Referring to figure 2, there i, shown a flowchart 200 of the steps performed by an 
embodiment of the present invention. One of the GPKM registers is selected and initialised 
with a random value using the inherent RND function at step 202. At step 204, the selected 
GPRM register is sc. ,o counter mode. At step 206, the video sequence is played by 
processing the lust, or next, GOP structure to produce the video sequence or, at least, part of 



a video sequence by the navigation and presentation engines (not shown) as is conventional 
within a DVD player. At step 210, which is performed, preferably, very shortly after, before 
or substantially simultaneously, with step 208, a menu (not shown), comprising .he button of 
the button set corresponding lo the currently played GOP structure, is made active for (he 
duration of the video sequence currently being played. A lest is performed, at step 212, to 
determine whether or not a user event such as, for example, the "OK" button (not shown) has 
been depressed. If it is determined that a user event has occurred or has been detected, the 
corresponding button command is invoked at step 234, which will involve adding an 
appropriate value to (he CPRM. The associated LNK aspect of the command is also invoked 
at step 214, which leads to the playing of the next video sequence at step 216. 

If the determination . at step 212 is negative, a test is performed at step 218 to 
determine whether or not there are further GOP structures to process. If the determination at 
step 218 is positive, a lest is performed at step 220 to determine whether the most recently 
processed GOP structure was the last GOP structure of the video sequence 102. If the 
determination at step 220 is negate e, processing continues at step 208 where the next GOP is 
retrieved and processed. However, if the most recently processed GOP structure was the last 
such structure of (he video sequence 102, a predetermined value, <value2>, is added lo the 
GPRM at step 222 and processing (hen continues at step 208 where the first group of pictures 
structure GOP 1 is retrieved again. 

If the determination at step 218 is negative, it is determined at step 224 whether the 
video sequence 102 has been arranged to loop or repeat automatically. It will be appreciated 
in most preferred embodiments that the video sequence 102 will be arranged to repeat 
whereupon processing continues from step 220. However, if the video sequence i> not 
arranged to repeat, processing terminates and the current value of the GPRM is used as the 
random number or at least as a seed for a random number generator or random number 
sequence generator. 

In preferred embodiments, the above calculated number, that is, the number 
contained within the GPRM is used as a seed value for a LCG algorithm that is used to 
calculate a non-repeating sequence of pseudo-random numbers, that is, the generated 
sequence does not contain a repetition of any of (he numbers until (he whole of the sequence 
has been generated. However, once the full sequence has been generated, that full sequence 
will, itself repeat. Preferably, the value contained within (he GPRM is used as the first 
value, r,_ in the equalion 



r it i=(a.rj+b)mod e, 



where c is a prime number and a and b are constants selected according to a desiicd level of 
performance of the LCG, that is, according to the quality of the random numbers required. 

It will be appreciated that embodiments can be realised in which multiple video 
sequences together with respective button sets as described above are used to generate the 
random number or respective random numbers such that the ultimately used random numbci 
is associated with or derived from data associated with those multiple video sequences or the 
embodiments are arranged to produce a number of random numbers using the multiple video 
sequences. 

Although the above embodiments have been described with reference to an LCG, 
embodiments of the present invention are not limited to such LCGs. F.mbodiments can be 
realised in which other generators are used. For example, two or more LCGs can be 
combined to produce a Combined Linear Coitgruential Generator (CLCG) in which the two 
LCGs are combined usually by subtraction or ex-or. Still further, Recursive or Extended 
LCGs can be used to improve the randomness of low order bits that tend to be less random in 
LCGs. Other generators that might be used, having obtained a seed number, are Multiple 
Recursive Generators, Inverse Congruential Generators, Combined Inverse Congruuntial 
generators, Multiply with Carry Generators, Multiply or Single Feedback shift registers, 
Generalised Feedback Shift Registers including Twisted feedback Shift Registers and 
Multiple GFSR and so on. 

The reader's attention is directed to all papers and documents which are filed 
concurrently with or previous to this specification in connection with this application and 
which are open to public inspection with this specification, and the contents or all such 
papers and documents are incorporated herein by reference. 

All of the features disclosed in this specification (including any accompanying 
claims, abstract and drawings) and/or all of the steps of any method or process so disclosed, 
may be combined in any combination, except combinations where at least some of such 
features and/or steps are mutually exclusive. 

Lath feature disclosed in this specification (including any accompanying claims, 
abstract and drawings) may be replaced by alternative features serving the same, equivalent 
or similar purpose, unless expressly stated otherwise. Thus, unless expressly stated 



otherwise, each feature disclosed is one example only of a generic series of equivalent or 
similar features. 

The invention is not restricted to the details of any foregoing embodiments. The 
invention extends to any novel one, or any novel combination, of the features disclosed in 
this specification (including any accompanying claims, abstract and drawings), or to any 
novel one, or any novel combination, of the steps of any method or process so disclosed. 
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CLAIMS 

A data processing system comprising a reader to read data representing a video 
sequence and a number of associated data each having a corresponding command; a 
presentation engine for outputting (he video sequence derived from the data 
representing the video sequence, a navigation engine, responsive to an event, to 
invoke one of the corresponding commands according to the output of the video 
sequence; and means to derive a first value from the invoked command of the 
corresponding commands. 

A data processing system as claimed in chum 1 in which the data representing the 
video sequence comprises a plurality of data structures; each of the data structure* 
being associated with a respective one of the corresponding commands. 

A data processing system as claimed in elaim 2 in which the plurality of data 
structures comprises a plurality of Group of-Pictures structures. 

A data processing system as claimed in any preceding claim in which the associated 
data comprises at least a command to influence the operation of at least one of the 
navigation engine and the presentation engine. 

A data processing system as claimed in any preceding claim in which the 
corresponding commands comprise associated values used to produce the first value. 

A data processing system as claimed in any preceding claim in which the 
corresponding commands comprise respective navigation commands associated with 
data representing a funher video sequence. 

A data processing system as claimed in claim 6 in which the navigation commands 
retrieve the data representing the further video sequence and cause the presentation 
engine to derive the further video sequence from the data representing the further 
video sequence. 

A data processing sysiem as claimed in any preceding claim in which the means to 
derive the first value comprises register arranged to store a time varying value 
during the output of the video sequence by the presentation engine. 



A data processing system as claimed in claim 8 in which the register is a CPRM 
register set to counter mode. 



A data processing system as claimed in either of claims 8 and 9 in which the means 
to derive the first value comprises a combiner to combine the lime varying value of 
the register with data associated with the invoked command. 

A data processing system as claimed in claim 10 in which the combiner comprises an 
adder to add the time varying value of the register to the data associated with the 
invoked command. 

A data processing system as claimed in any preceding claim in which the means to 
derive the first value further comprises means to derive the first value fiom an 
initialisation value. 

A data processing system as claimed in claim 12 in which the initialisation value is 
generated by a random number generator. 

A data processing system as churned in any preceding claim further comprising 
means to generate a sequence of values from the first value. 

A data processing system as claimed in claim 14 in which the means to generate the 
sequence comprises means to generate the sequence with a predcterminable number 
of non-repeating values. 

A data processing system as claimed in either of claims 14 and 15 in which the 
means to generate the sequence comprises a calculator to perforin an iterative 
operation to calculate the values of the sequence. 

A data processing system as claimed in claim 16 in which iterative operation 
calculates rM-ar.+b mod c, where a and b arc constants, n is the first value and c is 
prime. 

A storage medium comprising data representing a video sequence and a number of 
associated, data each having a corresponding command; and data to derive a first 
value from one of the corresponding commands in jesponse to an event 

A storage medium as claimed in slaim 18 in which the data representing the video 
sequence comprises a plurality of data structures; each of the data structures being 
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associated with a respective one of the corresponding commands. 

A storage medium as claimed in claim 19 in which Ihe plurality of data structures 
comprises a plurality of Group-of-pictures structures. 

A storage medium as claimed in claim 20 in which the associated data comprises at 
least a command to inlluence the operation of at least one of a navigation engine and 
a presentation engine. 

A slorage medium as claimed in any of claims 18 to 21 in which the corresponding 
commands comprise respective navigation commands associated with data 
representing a further video sequence. 

A storage medium as claimed in any of claims 18 to 22 in which the navigation 
commands retrieve the data representing the further video sequence and cause the 
presentation engine to derive the further video sequence from the data representing 
the further video sequence. 

A storage medium as claimed in any of claims 18 to 23 further comprising a 
command to arrange for a register to produce a time varying value during output of 
the video sequence by the presentation engine. 

A storage medium as claimed in claim 24 in which the command to arrange for the 
register to produce the time varying value comprises a command to cause a GPKM to 
assume a counter mode. 

A storage medium as claimed in eit her of claims 2-1 and 25 further comprising data to 
derive a first value, in response to an event, from one of the corresponding 
commands. 

A storage medium as claimed in any of claims 24 to 26 in which the data to derive 
the first value further comprises data to derive the first value from an initialisation 
value. 

A storage medium as claimed in claim 27 in which the initialisation value is 
generated by a random number generator. 



A storage medium as claimed in any of claims 24 to 28 further comprising data to 
generate a sequence of values from the first value. 
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A storage medium as claimed in claim 29 in which the data to generate the sequence 
comprises data to generate a sequence comprising a predelerminable number of non- 
repeating values. 

A storage medium as claimed in either of claims 29 and 30 in which the data to 
generate the sequence comprises a command to perform an iterative operation to 
calculate the values of the sequence. 

A storage medium as claimed in claim 31 in which the iterative operation calculates 
r iM =ari+b mod c, where a and b are constants, r, is the first value and c is prime. 

A storage medium as claimed in any of claims 18 to 32, in which the medium is a 
DVD. 

A data processing system comprising means to play an iiucrruptible or skipable video 
sequence; and a random number generator for generating a random number 
associated with an interruption of the interrupt ible or skipable video sequence. 

A data processing method comprising the steps of playing an interruptible or skipable 
video sequence; and generating a random number associated with an interruption of 
the interruptible or skipable video sequence. 

A data processing system substantially as described herein with reference to and/or 
as illustrated in the accompanying drawings. 

A storage medium substantially as described herein with reference to and/or as 
illustrated in the accompanying drawings. 



fr. 




% Office 



AT 



1-2- 




INVESTOR IN PEOPLE 



Application No: 
Claims searched: 



GB 0315589.2 
1 -35 



Examiner: 
Date of search: 



Robert Barrell 

13 November 2003 



Patents Act 1977 : Search Report under Section 17 



Category 


Relevant 
to claims 


Identity of document and passage or figure of particular relevance 


X 


1, 18, 34 


JP 060089548 A 


(CASIO COMPUTER) 




&35 




See especially: PAJ abstract, figs 1 & 2. 


X 


34&35 


EP 1237071 Al 


(MATSUSHITA ELECTRIC) 








See especially: column 3, lines 1 - 36; figs 1 & 2. 



Categories: 



X Document indicating lack of novelty or inventive step A Document indicating technological background and/or state of the art. 



Y Document indicating lack of inventive step if combined 
with one or more other documents of same category. 

& Member of the same patent family 



P Document published on or after the declared priority date but before the 
filing date of this invention. 

I; Patent document published on or after, but with priority date earlier 
than, the filing date of this application. 



Field of Search: 

Search of GB, EP, WO & US patent documents classified in the following areas of the UKC V : 



GSR 



Worldwide search of patent documents classified in the following areas of the IPC 7 : 



G11B, G06F 



The following online and other databases have been used in the preparation of this sea rch report : 
EPODOC, WPI, J APIO ' 



An Executive Agency of the Department of Trade and Industry 



1 



r 



THIS PAGE BLANK mm) 



